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NTP Report on Carcinogens Listing for o-Nitroanisole

Carcinogenicity

o-Nitroanisole is reasonably anticipated to be a human carcinogen based on evidence in
experimental animals (NTP, 1993). When administered in the diet to male and female rats, o-
nitroanisole induced increased incidences of mononuclear cell leukemia, neoplasms of the
urinary bladder, kidney, and large intestine. When administered in the diet to male and female
mice, o-nitroanisole induced increased incidences of benign and malignant hepatocellular
neoplasms in males and increased incidences of hepatocellular adenomas in females.

There are no adequate data available to evaluate the carcinogenicity of o-nitroanisole in
humans.

Other Information Relating to Carcinogenesis or Possible Mechanisms of Carcinogenesis
o-Nitroanisole is genotoxic in a wide variety of assays in bacteria and mammalian cells

and mutagenic and carcinogenic metabolites have been described (IARC, 1996; NTP, 1993).
No data are available that would suggest that the mechanisms thought to account for

tumor induction by o-nitroanisole in experimental animals would not also operate in humans.
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Listing Criteria from the Report on Carcinogens, Eighth Edition

Known To Be A Human Carcinogen:
There is sufficient evidence of carcinogenicity from studies in humans which indicates a
causal relationship between exposure to the agent, substance or mixture and human
cancer.

Reasonably Anticipated To Be A Human Carcinogen:
~ There is limited evidence of carcinogenicity from studies in humans, which indicates that
causal interpretation is credible, but that alternative explanations, such as chance, bias or
confounding factors, could not adequately be excluded, or

There is sufficient evidence of carcinogenicity from studies in experimental animals
‘which indicates there is an increased incidence of malignant and/or a combination of
malignant and benign tumors: (1) in multiple species or at multiple tissue sites, or (2) by
multiple routes of exposure, or (3) to an unusual degree with regard to incidence, site or
type of tumor, or age at onset; or i

There is less than sufficient evidence of carcinogenicity in humans or laboratory animals,
however; the agent, substance or mixture belongs to a well-defined, structurally related
class of substances whose members are listed in a previous Report on Carcinogens as
either a known to be human carcinogen or reasonably anticipated to be human
carcinogen, or there is convincing relevant information that the agent acts through
mechanisms indicating it would likely cause cancer in humans.

Conclusions regarding carcinogenicity in humans or experimental animals are based on scientific
judgment, with consideration given to all relevant information. Relevant information includes,
but is not limited to dose response, route of exposure, chemical structure, metabolism,
pharmacokinetics, sensitive sub populations, genetic effects, or other data relating to mechanism
of action or factors that may be unique to a given substance. For example, there may be
substances for which there is evidence of carcinogenicity in laboratory animals but there are
compelling data indicating that the agent acts through mechanisms which do not operate in
humans and would therefore not reasonably be anticipated to cause cancer in humans.
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1.0 INTRODUCTION

1.1 Chemical 1dentification

o-Nitroanisole
[91-23-6]

CH3\O

Z——=0

/

o-Nitroanisole (C,H,NO,, mol. wt. = 153.14) is also called:

Benzene, 1-methoxy-2-nitro- (9CI)

Anisole, o-nitro- (8CI)
Anisole, 2-nitro-
1-Methoxy-2-nitrobenzene
2-Methoxynitrobenzene
NCI-C60388
2-Nitroanisole
1-Nitro-2-methoxybenzene
o-Nitrophenyl methyl ether

ONA

1.2 Physical-Chemical Properties

Property Information Reference
Color Colorless to Yellowish Budavari (1996)
Physical State Liquid Budavari (1996)
Melting Point, °C 94 Budavari (1996)
Boiling Point, °C 277 Budavari (1996)
Density at 20 °C 1.254 Lide (1993; cited by IARC, 1996)
Solubility:
Water at 20 °C Insoluble Budavari (1996)
Organic Solvents Soluble in ethyl alcohol and Budavari (1996)

Partition Coefficients:
Log octanol/water

Vapor pressure at 30 °C, Pa

diethyl ether
1.73

4

Hansch et al. (1995; cited by
IARC, 1996)
BUA (1987; cited by IARC, 1996)
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1.3 Identification of Structural Analogues and Metabolites
Structural analogues and metabolites discussed in this report include the following:
o-Anisidine (OND, C,H,NO, mol. wt. = 123.15)
o-Nitrophenol (ONP, C,H,NO,, mol. wt. = 139.11)
o-Nitrophenyl sulfate (C;H,NO,S, mol. wt. =219.17)
o-Nitrophenyl glucuronide

o-Anisidine is practically insoluble in water, but is miscible in ethanol, alcohol, and diethyl ether.
o-Nitrophenol is soluble in cold water, and freely soluble in hot water, alcohol, benzene, ether,
carbon disulfide, and alkali hydroxides (Budavari, 1996). Structures for at least some of these
analogues may be found in Figure 6-1.

1.4 Report Organization

The rest of this report is organized into six additional sections (2.0 Human Exposure, 3.0
Human Studies, 4.0 Mammalian Carcinogenicity, 5.0 Genotoxicity, 6.0 Other Relevant Studies,
and 7.0 References) and two appendixes. Appendix A describes the literature search in online
databases, and Appendix B provides explanatory information for Figure 5-1.

2.0 HUMAN EXPOSURE
2.1 Use

o-Nitroanisole is used primarily as a precursor to o-anisidine, which is prepared by direct
nitro-reduction. o-Anisidine is used extensively in the synthesis of azo dyes either directly after
being converted to a diazonium salt or as a precursor for the preparation of dianisidine, which is
diazotized with nitrous acid and coupled. Directly or indirectly, o-anisidine is used in the
manufacture of over 100 azo dyes (NTP, 1993). o-Nitroanisole has also been used as an
intermediate for pharmaceuticals (IARC, 1996).

2.2 Production

o-Nitroanisole is produced by treating 2-chloronitrobenzene with sodium methoxide
under heat and pressure. The product separates as an oil after dilution with water (IARC, 1996).
Of the 5 U.S. plants reporting production or import use of o-nitroanisole in the 1977 TSCA
Inventory, the 1 known manufacturer reported a production volume of 100,000 to 1,000,000
Ib/year (TSCAPP, 1983 update), the 3 known importers did not report volume information, and 1
plant’s role was unknown. In 1976 and 1978, imports of the compound through principal U.S.
customs districts were reported to total 702,643 and 541,850 Ib, respectively (HSDB, 1993). No
current data on imports or exports of o-nitroanisole were available. Chem Sources (1996)
identified 15 U.S. suppliers of o-nitroanisole.

2.3 Environmental Exposure

The primary routes of potential human exposure to o-nitroanisole are dermal contact,
ingestion, and inhalation. Human exposure might be associated with its widespread use in the
manufacture of azo dyes (NTP, 1993). o-Nitroanisole was not included in the National
Occupational Hazard Survey (NIOSH, 1984) or the National Occupational Exposure Survey
conducted by NIOSH (NIOSH, 1976).
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2.4 Regulations
Atmospheric emissions are regulated by the U.S. EPA under the Clean Air Act. o-

Nitroanisole is listed in 40 CFR 63 Subpart F (Organic chemical manufacturing industry) and
40CFR 60.489(a) (Stationary source standards). See Appendix C.

3.0 HUMAN STUDIES
No studies were found that evaluated the carcinogenicity of o-nitroanisole in humans.

4.0 MAMMALIAN CARCINOGENICITY

4.1 o-Nitroanisole
Experimental details of the studies described in this section are presented in Table 4-1.

Summary: There is “sufficient evidence” for the carcinogenicity of o-nitroanisole in
experimental animals (IARC, 1996). In male mice, there was clear evidence for carcinogenicity
with an increased incidence of hepatocellular neoplasms in males administered 666, 2000, or
6000 ppm o-nitroanisole in the diet for 103 weeks. Males also had an increased incidence of
hepatoblastomas. In females, there was some evidence for carcinogenicity in that only the 2000-
ppm dose increased the incidence of hepatocellular neoplasms. In male rats treated with a
dietary concentration of 666 or 2000 ppm o-nitroanisole and in female rats treated with dietary
concentration of 2000 ppm o-nitroanisole for 103 weeks, there was an increased incidence of
mononuclear-cell leukemia at the end of the treatment period. Increased incidences of tumors of
the urinary bladder, large intestine, and kidney occurred in male and female rats treated with
6000 or 18,000 ppm o-nitroanisole in their diet for 27 weeks and then maintained on control diet
for an additional 77 weeks. These studies also found an overall increased incidence of
transitional-cell tumors of the kidney in dosed male and female rats.

4.1.1 Mice

Male B6C3F, mice orally treated with a dietary concentration of 666, 2000, or 6000 ppm
o-nitroanisole for 103 weeks showed increased incidences of benign and malignant
hepatocellular neoplasms. Female B6C3F, mice showed an increased incidence of benign and
malignant hepatocellular neoplasms in the 2000 ppm dose group (NTP 1993; Irwin et al., 1996).
An increased incidence of hepatoblastomas was also observed in treated male mice at the end of
the 103-week study.

4.1.2 Rats

Male F344 rats treated with a dietary concentration of 666 or 2000 ppm o-nitroanisole
and female F344 rats treated with dietary concentration of 2000 ppm o-nitroanisole for 103
weeks showed an increased incidence of mononuclear-cell leukemia at the end of the treatment
period. Increased incidences of tumors of the urinary bladder, large intestine, and kidney
occurred in male and female F344 rats treated with 6000 or 18,000 ppm o-nitroanisole in their
diet for 27 weeks and then maintained on control diet for an additional 77 weeks (NTP, 1993;
Irwin et al., 1996). Interim evaluations were made at 13, 28, 40, and 65 weeks. The overall
incidence of urinary bladder neoplasms (including transitional cell carcinoma, squamous cell
tumors, and sarcoma) increased in both males and females at 104 weeks. There was a marked
increased incidence of large intestine adenomatous polyps in both male and female rats at all
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dose levels, and at the high doses, carcinomas of the large intestine occurred in both male and
female rats. These studies also found an overall increased incidence of transitional-cell tumors of
the kidney in male and female rats when compared to controls.

4.2 o-Nitroanisole Metabolite o-Anisidine Hydrochloride
Experimental details of the studies described in this section are presented in Table 4-2.

Summary: The salt of a metabolite, o-anisidine hydrochloride, was carcinogenic in feeding
studies in mice and rats. Urinary bladder neoplasms increased in both mice and rats, while
transitional-cell carcinomas in the renal pelvis and thyroid follicular-cell tumors were found in

rats only.

4.2.1 Mice

After 103 weeks of a 2500 or 5000 ppm o-anisidine hydrochloride treatment orally (in
feed) administered to male and female B6C3F, mice, the National Cancer Institute (NCI, 1978;
cited by IARC, 1982) reported that urinary bladder tumors were found in male and female mice
receiving the high dose (transitional-cell carcinoma and papilloma) and the low dose
(transitional-cell papillomas).

4.2.2 Rats

After 103 weeks of 2 5000 ppm or 83 to 88 weeks of a 10,000 ppm o-anisidine
hydrochloride treatment orally (in feed) administered to male and female F344 rats, the National
Cancer Institute (NCI, 1978; cited by IARC, 1982) reported a positive trend in mortality due to
the development of urinary bladder tumors in all treated rats killed at 106 to 107 weeks after the
initial dose. Thyroid follicular-cell tumors (adenomas, carcinomas, cystadenomas, and
cystadenocarcinomas) were found in a dose-related trend in male rats only, while a dose-related
trend in transitional-cell carcinomas of the renal pelvis was found in males and females at the
high dose.
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5.0 GENOTOXICITY
Studies of the genotoxic effects of o-nitroanisole are summarized in Table 5-1.

Summary: o-Nitroanisole was reported to be positive in a number of prokaryotic and
mammalian in vitro and in vivo test systems [see Genetic Activity Profile, Figure 5-1 (data
limited to IARC, 1996)]. o-Nitroanisole was found to induce gene mutations in multiple strains
of Salmonella typhimurium, DNA damage in Bacillus subtilis, gene mutations in mouse
lymphoma cells, sister chromatid exchanges and chromosomal aberrations (with S9 only) in
Chinese hamster ovary (CHO) cells, and DNA damage in human mononuclear blood cells. It did
not induce chromosomal aberrations in CHO cells without S9 activation. Unless otherwise
specified, rat liver S9 was the source of metabolic activation in vitro.

Information for studies reviewed in IARC (1996) was often limited to qualitative data.
Pertinent information on study design, doses tested, chemical purity, etc., was generally not
provided.

5.1 Noneukaryotic Systems
5.1.1 Gene Mutations

Chiu et al. (1978; cited by IARC, 1996) reported that o-nitroanisole was mutagenic in S.
typhimurium strains TA100 [LED = 20 pumol) and TA98 [LED = 10 pmol) in the absence of
metabolic activation. Tokiwa et al. (1981) found that o-nitroanisole was weakly positive in S.
typhimurium strain TA100 in the presence of S9 activation only [LED = 50 pg/plate (0.33
umol/plate)] but not TA98. Haworth et al. (1983; cited by NTP, 1993) tested o-nitroanisole for
mutagenic activity in S. typhimurium strains TA100, TA98, TA97, TA1535, and TA1537 both
with and without 10% rat or hamster S9 activation in the pre-incubation assay. o-Nitroanisole
was positive in TA100 with and without S9 activation (rat or hamster) and TA1535 without S9
starting at a dose of 333 ng/plate (2.18 umol/plate). In a similar preincubation study by Shimizu
and Yano (1986), o-nitroanisole induced a dose-related increase in strains TA98, TA1538, and
TA100 without S9 activation at doses of 0.1 to 10 pL/plate (0.8 to 40 umol/plate) in the pre-
incubation assay. o-Nitroanisole was negative for mutagenic activity in strains TA1535 and
TA1537 in the absence of S9. Studies with metabolic activation were not conducted. Dellarco
and Prival (1989) found that o-nitroanisole in the presence of S9 gave a clear mutagenic response
in strains TA98 and TA100 using the standard plate incorporation protocol, whereas a modified
pre-incubation method incorporating 2 mM flavin mononucleotide in the S9 mix to facilitate
nitroreduction did not. From the graphical data presented for TA100, the LED is estimated to be
3 pmol/plate. Studies without S9 were not conducted.

5.1.2 DNA Damage
Shimizu and Yano (1986) also reported that o-nitroanisole was positive in the rec assay

employing Bacillus subtilis strains H17 (rec’) and M45 (rec’). Dose related differences in the
inhibition zone diameter were observed at 0.5 and 5 pL per filter (0.004 to 0.04 pmol/filter).
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5.2 Mammalian Systems In Vitro
5.2.1 Gene Mutations

Myhr et al. (1985; cited by NTP, 1993) reported that a dose-related increase in mutant
colonies was observed in mouse lymphoma L5178Y tk* cells (tested only in the absence of S9
activation) beginning at doses where the relative total growth was below 50% [LED = 0.15
uL/mL (0.19 pg/mL or 1.2 uM)].

5.2.2 DNA Damage
Galloway et al. (1987; cited by NTP, 1993) found that o-nitroanisole induced a dose-

dependent increase in sister chromatid exchanges (SCE) in CHO cells both in the presence [LED
=608 pg/mL (3970 uM)] and absence [LED = 123 pg/mL (800 uM)] of S9 metabolic activation.
Doses tested ranged from 12.3 to 350.0 pug/mL (80 to 2290 uM) without S9 and from 608 to
1010 pg/mL (3970 to 6600 pM) with S9.

5.2.3 Chromosomal Damage
Galloway et al. (1987, cited by NTP, 1993) further reported that o-nitroanisole induced

chromosomal aberrations (preferentially occurring in the long arm of the x-chromosome) in CHO
cells in the presence [LED = 1060 pg/mL (6920 uM)] but not the absence [HID = 803 pg/mL
(5250 uM)] of S9 metabolic activation. Doses tested ranged from 216.3 to 803.4 pug/mL (1412
to 5250 uM) without S9 activation and from 519.0 to 1060 pg/mL (3390 to 6920 pM) with S9.

5.3 Mammalian Systems In Vivo (DNA Damage in Humans)

Hengstler et al. (1995) reported on a limited human epidemiology study evaluating DNA
damage via alkaline elution in the mononuclear blood cells of 16 fire fighters exposed to 27.8%
o-nitroanisole (along with other chemicals) for up to 8 hours during a chemical plant fire. At 19
days after exposure, the rate of DNA elution was statistically increased in cells sampled from the
fire fighters over that in two concurrently sampled control groups. At 88 days after exposure, the
elution rate was not different from that in the concurrently sampled control populations.
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Figure 5-1. Genetic Activity Profile of o-Nitroanisole

(Data limited to IARC, 1996)
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Figure 5-2. Schematic View of a Genetic Activity Profile (GAP)

L og ...
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0.001 g + C Test system code
0.01 7 + W
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{{oJc J— o+ _
1000 .o 3
10000 ..oo...... a1+ A :
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HID
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A schematic view of a Genetic Activity Profile (GAP) representing four studies (two positive and
two negative) for an example short-term test, ECW. Either the lowest effective dose (LED) or
the highest ineffective dose (HID) is recorded from each study, and a simple mathematical
transformation (as illustrated above) is used to convert LED or HID values into the logarithmic
dose unit (LDU) values plotted in a GAP. For each test, the average of the LDUs of the majority
call is plotted using a solid vertical bar drawn from the origin. A dashed vertical bar indicates
studies that conflict with the majority call for the test. Note in cases where there are an equal
number of positive and negative studies, as shown here, the overall call is determined positive.

The GAP methodology and database have been reported previously (Garrett et al., 1984; Waters
etal., 1988, 1991).

Garrett, N.E., H.F. Stack, M.R. Gross, and M.D. Waters. 1984. An analysis of the spectra of
genetic activity produced by known or suspected human carcinogens. Mutat. Res. 143:89-111.

Waters, M.D., H.F. Stack, A.L. Brady, P.H.M. Lohman, L. Haroun, and H. Vainio. 1988. Use of
computerized data listings and activity profiles of genetic and related effects in the review of 195

compounds. Mutat. Res. 205:295-312.

Waters, M.D., H.F. Stack, N.E. Garrett, and M.A. Jackson. 1991. The genetic activity profile
database. Environ. Health Perspect. 96:41-45.
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6.0 OTHER RELEVANT STUDIES

6.1 Absorption, Distribution, Metabolism, and Excretion

Summary: [“Clo-Nitroanisole was readily absorbed into the blood of rats orally administered
50 mg/kg bw (326 umol/kg bw), but saturation occurred when they were administered 500
mg/kg bw (3260 umol/kg bw). After oral administration of 5, 50, or 500 mg/kg bw (33, 326, or
3260 pmol/kg bw) [*Clo-nitroanisole, the majority of the dose was excreted in the urine of the
rats within 24 (low- and mid-doses) or 48 (high-dose) hours. After 7 days, less than 0.5% of the
original dose was detected in the rat carcasses. Elimination of the dose was mainly via
metabolism of o-nitroanisole to o-nitrophenol, followed by sulfation to o-nitropheny] sulfate and
glucuronidation to o-nitropheny! glucuronide. o-Anisidine was also detected in the urine of rats
orally administered o-nitroanisole, indicating that O-demethylation was the major metabolic
pathway to form o-nitrophenol, followed by sulfate or glucuronide conjugation. When rats were
injected intravenously (i.v.) with 25 mg/kg bw (163 pmol/kg bw) ['*C]o-nitroanisole, the
distribution of "C to all tissues was rapid, with peak concentrations reached at 15 min after
administration of the dose. Subsequently, the dose was rapidly eliminated, with less than 1% of
the dose present in all tissues at 8 h. A metabolite profile similar to that observed for oral
administration was found 24 h after i.p. administration of 25 mg/kg bw (163 pmol/kg bw).
Within 7 days, 86% of the i.p. dose was eliminated in the urine, with 82% excreted within 24 h.
Fecal excretion was similar to that found after oral administration.

The absorption, distribution, metabolism, and excretion of ["*C]o-nitroanisole were
studied in male Fischer 344 (F-344) rats by Miller et al. (1985). Rats (3 per dose group) were
orally administered a single dose of 5, 50, or 500 mg/kg bw (33, 326, or 3260 pmol/kg bw)
[“Clo-nitroanisole (purity >98%), and the "“C activity in excreta was analyzed daily for 7 days.
After oral administration of either 50 mg/kg bw or 500 mg/kg bw (326 or 3260 pmol/kg bw)
['*Clo-nitroanisole to F-344 rats (3 per dose group), experiments were conducted to determine o-
nitroanisole concentrations in blood and stomach contents of treated animals. Less than 10% of
the initial dose of 50 mg/kg bw (326 umol/kg bw) remained in the stomach at 6 h compared to
36% of the initial 500 mg/kg bw (3260 pmol/kg bw) dose, indicating that o-nitroanisole was
readily absorbed at the 50 mg/kg bw (326 umol/kg bw) dose level but that saturation had taken
place at the 500 mg/kg bw (3260 umol/kg bw) dose.

Analysis of excreta for up to 7 days showed that 7% (~5% within 48 h) of the dose was
excreted in the feces at all dose levels. The majority of the dose was excreted in the urine within
24 h for the low-dose and mid-dose groups (73% of the 5 mg/kg and 69% of the 50 mg/kg dose)
and within 48 h for the high-dose group (71% of the 500 mg/kg dose). The carcasses of rats
sacrificed 7 days after oral administration of ['*CJo-nitroanisole contained less than 0.5% of the
original dose. The total recovery of administered C in tissues, blood, and excreta obtained from
orally dosed rats (n = 9) was 80.5 + 13.7% over the 7-day period.

The 8-h urinary metabolite profiles of rats dosed with 50 or 500 mg/kg bw (326 or 3260
pmol/kg bw) were not substantially different. However, the percentage of the dose excreted was
significantly different (48% of the 50 mg/kg [326 umol/kg] dose vs. 11% of the 500 mg/kg
[3260 pmol/kg] dose). Elimination of the dose was predominantly via metabolism of o-
nitroanisole to o-nitrophenol (5 to 8% of urinary radioactivity), followed by sulfation to o-
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nitrophenyl sulfate (64 to 68% of urinary radioactivity) and glucuronidation to o-nitrophenyl
glucuronide (13 to 15% of urinary radioactivity). Analysis of urinary metabolites also showed
the reactive metabolite o-anisidine was present (0.6% of urinary radioactivity) at 8 h. These
findings suggest that O-demethylation is the major metabolic pathway to form o-nitrophenol
followed by sulfate or glucuronide conjugation.

Since the elimination rate of "C was saturated at high doses (500 mg/kg bw [3260
umol/kg bw]) in orally dosed rats, a medium dose was chosen for subsequent i.v. metabolic and
pharmacokinetic (section 6.2) studies. Following a 25 mg/kg bw (163 pmol/kg bw) [“Clo-
nitroanisole i.v. injection into the tail vein of rats, blood, tissues, and excreta were collected at 15
min to 7 days. The distribution of "*C to all tissues was rapid, with peak concentrations (muscle,
20% of the dose; skin, 10%; fat, 6.8%; blood, 6.5%; liver, 4.8%; plasma, 3.1%; kidney, 2.8%;
small intestine, 1.9% of the radiolabel) reached at 15 min after administration of the dose.
Subsequently, the dose was rapidly eliminated, with less than 1% of the dose present in all
tissues at 8 h.

A metabolite profile similar to that observed for oral administration was found 24 h after
i.p. administration of 25 mg/kg bw [163 pmol/kg bw]: 63% o-nitrophenyl sulfate, 11% o-
nitrophenyl glucuronide, 1.5%o-nitrophenol, 0.6% o-anisidine, 16% polar metabolites
(unidentified), 5.5% acidic metabolites, and 1.3% basic or neutral metabolites.

Within 7 days, 86% of the dose was eliminated in the urine, with 82% excreted within 24
h. Fecal excretion was similar to that found after oral administration, with 7.5% of the dose
excreted within 24 h and 9% by 7 days. Total urinary and fecal excretion accounted for 95 + 5%
of the dose within 7 days.

Biliary excretion of radioactivity closely corresponded to the amount found in the feces
and intestinal contents, suggesting no enterohepatic circulation occurred (Miller et al., 1985).

6.2 Pharmacokinetics

Summary: In rats, following a single 1.p. dose of 25 mg/kg bw (163 pmol/kg bw) [*Clo-
nitroanisole, the radiolabel was rapidly distributed to all tissues within 15 min (peak
concentrations), with the highest percentage of the dose located in muscle and skin. The ratio of
"“C present in muscle and skin to that in blood at all time points was less than 1.0. Rapid
elimination occurred in all tissues such that less than 1% of the dose was present in all tissues 8 h
after administration of the dose. The elimination of *C followed first-order biphasic elimination
kinetics, with the initial phase having a half-life (t,») of 1 to 2 h. Plasma, liver, lung, small
intestine, and kidney had a terminal elimination t,» of approximately 2.5 days. Testes, spleen,
blood, and muscle had terminal elimination t,20f6.2,5.2,4.5, and 4.4 days, respectively. The
elimination of o-nitroanisole from blood followed first-order biphasic elimination kinetics. The
initial elimination T,, was 30 min and the terminal elimination t,, was 2.2 h. o-Nitroanisole was
rapidly eliminated from other tissues in a monophasic manner (t,, = 15 min to 2 h). Urinary
metabolites of o-nitroanisole were predominantly the conjugated compounds (63% as sulfates
and 11% as glucuronides). A minor reductive metabolic pathway of o-nitroanisole to o-anisidine
also occurred in these studies.
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The pharmacokinetics of o-nitroanisole have been studied by Miller et al. (1985). The
experimental procedure was mentioned in section 6.1. Following a single i.p. dose of 25 mg/kg
bw (163 pmol/kg bw) ['“CJo-nitroanisole, the radiolabel was rapidly distributed to all tissues
within 15 min (peak concentrations), with the highest percentage of the dose located in muscle
and skin, which was thought to be a reflection of their large fraction of total body mass. The
ratio of "“C present in muscle and skin to that in blood at all time points was less than 1.0,
suggesting that these tissues were not storage sites for o-nitroanisole or its metabolites. Rapid
elimination occurred in all tissues such that less than 1% of the dose was present in all tissues 8 h
after administration of the dose. The elimination of "*C followed first-order biphasic elimination
kinetics, with the initial phase having at,, of 1 to 2 h. Plasma, liver, lung, small intestine, and
kidney had a terminal elimination t,, of approximately 2.5 days. Testes, spleen, blood, and
muscle had terminal elimination t,, of 6.2, 5.2, 4.5, and 4.4 days, respectively. The terminal
elimination decay rate constants for fat and skin could not be accurately determined (Miller et al.,
1985).

The elimination of o-nitroanisole from blood followed first-order biphasic elimination
kinetics. The initial elimination T,, was 30 min and the terminal elimination t,, was 2.2 h.
o-Nitroanisole was rapidly eliminated from other tissues in a monophasic manner (t,, = 15 min
to 2 h).

An uptake phase (t,,, approximately 6 min) prior to the elimination of o-nitroanisole was
found in skin and adipose tissue. The elimination t,,, of o-nitroanisole from skin and adipose
tissue was 0.39 and 2.0 h, respectively.

The elimination t,, for o-nitroanisole in urine was 3.6 h, with only 0.5% of the dose
excreted as parent o-nitroanisole. Parent compound was not detected in the feces at any time
point.

Urinary metabolites of o-nitroanisole were predominantly the conjugated compounds
(63% as sulfates and 11% as glucuronides). A minor reductive metabolic pathway of o-
nitroanisole to o-anisidine also occurred in these studies. This pathway is important to mention
due to the carcinogenicity and mutagenicity of o-anisidine. The liver and blood had similar
pharmacokinetic profiles. However, o-anisidine was detected in the liver and not in the blood.
o-Anisidine concentrations in the liver decreased at a rate that paralleled that of o-nitroanisole.
Aniline compounds are known to bind to the red blood cell constituents (Bus and Sun, 1979;
Bus, 1981; both cited by Miller et al., 1985). Perhaps o-anisidine is not seen in blood because of
its being sequestered in the red blood cells or because it is further metabolized (Miller et al.,
1985).

6.3 Modes of Action

o-Nitroanisole was reported to be positive in the following prokaryotic and mammalian in
vitro and in vivo test systems. o-Nitroanisole was found to induce gene mutations in multiple
strains of Salmonella typhimurium, DNA damage in Bacillus subtilis, gene mutations in mouse
lymphoma cells, sister chromatid exchanges and chromosomal aberrations (+S9 only) in Chinese
hamster ovary (CHO) cells, and DNA damage in human mononuclear blood cells. It did not
induce chromosomal aberrations in CHO cells without S9 activation (see section 5.0). Thus, o-
nitroanisole may induce tumors via a genotoxic mechanism.
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6.4 Structure-Activity Relationships

Tennant et al. (1990) used two molecular descriptors—Ashby’s potentially alerting
substructures (structural alerts; SA) (Ashby, 1985) and estimated electrophilic reactivity (K,)—in
combination to develop a QSAR model to predict the carcinogenicity of 44 chemicals bioassayed
by the US National Toxicology Program (NTP, 1993). Of the 44 chemicals, Benigni (1991)
found that o-nitroanisole was one of 7 compounds predicted to be carcinogenic due to the
theoretically estimated K, values of the chemicals and the presence of SA in the molecules. In
the case of o-nitroanisole, the SA was identified as the NO moiety of the nitro group by Tennant
et al. (1990) and Ashby (1985), and assigned a + qualification by Benigni (1991).

The results of the NTP bioassay of o-nitroanisole in mice and rats have been discussed in
greater detail in section 4.0. The positive 2-year bioassay results confirmed the predictions of the
QSAR model developed by Benigni (1991) and that of Bakale and McCreary (1992). Fora
summary of predictive bioassays and NTP results for o-nitroanisole, see Omenn et al. (1995).

6.5 Cell Proliferation

Summary: In male and female mice administered 666, 2000, or 6000 ppm o-nitroanisole orally
for 2 years, focal proliferation of the bronchiolar epithelium was observed, with males exhibiting
a higher incidence than females. Hyperplasia of the septal and Bowman’s glands and respiratory
metaplasia of the olfactory epithelium were significantly increased in females that received the
mid- or high-dose and in males that received the high dose. In addition, in all exposed male dose
groups, the incidences of eosinophilic foci of the liver were significantly increased. In females
dosed with the mid- or high-dose, eosinophilic foci occurred more frequently, but only the
incidence in the mid-dose group was significantly increased. In male rats administered 222 or
2000 ppm o-nitroanisole orally for 2 years, an increased incidence of focal hyperplasia of the
renal tubule epithelium was observed. One female rat fed 2000 ppm o-nitroanisole developed
focal hyperplasia of the transitional epithelium in the urinary bladder. The incidence of focal
hyperplasia in the forestomach increased with exposure level in males and females. In male and
female rats fed 6,000 or 18,000 ppm o-nitroanisole for up to 27 weeks and then killed 77 weeks
after cessation of treatment, there was an increased incidence of urinary bladder squamous
metaplasia and connective tissue proliferation. The incidence of hyperplasia of the transitional
epithelium of the kidney was also significantly increased in all treated males and females.

In the urinary bladder of mice fed 2500 or 5000 ppm o-anisidine hydrochloride in the diet
for 103 weeks, hyperplasia was detected in some mice. In the urinary tract of male and female
rats fed 5,000 or 10,000 ppm o-anisidine hydrochloride in the diet for 103 (low-dose) or 83-88
(high-dose) weeks, epithelial hyperplasia was detected in some rats.

6.5.1 o-Nitroanisole
6.5.1.1 Mice

Focal proliferation of the bronchiolar epithelium was observed in male and female mice
fed 666, 2000, or 6000 ppm o-nitroanisole for 2 years (NTP, 1993; Irwin et al., 1996). However,
males showed a greater increased incidence of proliferation (males: 0 ppm, 0/50; 666 ppm, 2/50;
2000 ppm, 13/50; and 6000 ppm, 14/50; females: 0/50; 3/50; 5/50; and 4/50, respectively).
Hyperplasia of the septal and Bowman’s glands and respiratory metaplasia of the olfactory
epithelium were significantly increased in females that received 2000 and 6000 ppm and in males
that received 6000 ppm. The respiratory metaplasia of the olfactory epithelium was multifocal in
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distribution and often located on the dorsal wall of the dorsal meatus and posterior medial
aspects of the nasoturbinates (NTP, 1993; Irwin et al., 1996). In all exposed male dose groups,
the incidences of eosinophilic foci of the liver were significantly increased (p < 0.01; logistic
regression test). In females dosed with 2000 and 6000 ppm, eosinophilic foci occurred more
frequently, but only the incidence in the 2,000 ppm group was significantly increased (p < 0.05;
logistic regression test).

6.5.1.2 Rats

In male rats fed 222 ppm and 2000 ppm o-nitroanisole in feed for 103 weeks, an
increased incidence of focal hyperplasia of the renal tubule epithelium was observed (NTP, 1993;
Irwin et al., 1996). In the same study, 1 female rat fed 2000 ppm o-nitroanisole for 103 weeks
developed focal hyperplasia of the transitional epithelium in the urinary bladder, and the
incidence of focal hyperplasia in the forestomach increased with exposure level (222, 666, or
2000 ppm) in males and females.

Male and female rats were fed 6,000 or 18,000 ppm o-nitroanisole in feed ad libitum for
up to 27 weeks in a stop-exposure study conducted during the NTP carcinogenesis bioassays
(NTP, 1993; Irwin et al., 1996). Groups of 1 to 10 rats from each dose group were killed at 13,
28, 45, or 60 mo for interim evaluation and the remaining rats were killed 77 weeks after
cessation of the treatment. An overall increased incidence of urinary bladder neoplasms was
found in males and females at 104 weeks: squamous metaplasias (males: low dose, 3/27; high
dose, 30/34 vs. control, 0/21; females: low dose, 6/20; high dose, 25/34 vs. control, 0/20) and
connective tissue proliferation (males: low dose, 1/27; high dose, 24/34 vs. control, 0/21;
females: low dose, 11/20; high dose, 20/34 vs. control, 0/20). The incidence of hyperplasia of
the transitional epithelium of the kidney was significantly increased in all treated males (controls,
5/60; low dose, 34/60; and high dose, 27/60) and females (0/60; 6/60; and 19/60, respectively).

6.5.2 o-Anisidine Hydrochloride
6.5.2.1 Mice

In the urinary bladder of B6C3F, mice fed 2500 or 5000 ppm o-anisidine hydrochloride
in the diet for 103 weeks, hyperplasia was detected in 2/55 low-dose and 21/53 high-dose males
(vs. 1/48 controls) and in 1/51 low-dose and 12/50 high-dose females (vs. 0/50 controls).
Statistical significance was not specified (NCI, 1978; cited by IARC, 1982).

6.5.2.2 Rats

In the urinary tract of male and female F344 rats fed 5,000 or 10,000 ppm o-anisidine
hydrochloride in the diet for 103 (low-dose) or 83-88 (high-dose) weeks, epithelial hyperplasia
was detected in some rats (incidences not given) (NCI, 1978; cited by IARC, 1982).
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Figure 6-1. Urinary Metabolites of o-Nitroanisole
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25



9T

‘pauniojrad

10U sem SISA[RUE [20HSHEIS (SIONU0D (/0 "SA SI[BWAY AH 0S/b PUB ‘AN 0§/S ‘T 0S/€ ‘SI0NU0D
05/0 "sA safewt OH 0§/¥1 PU ‘QIN 0S/€1 ‘A1 0$/2) SIONUOD Ul 10U Inq ‘301U PIIB31)-3[OSIUEONIU-0
Ul P310313p sem winijayida reoryouoiq s Jo uoneldyijod [ea0) “Apris Hodam-gQ| 3 Jo pus ay) 1y

(sasop |Je ‘winijoynda rejoryouoiq
aup Jo uonexdyrjoid 1ea0j Jo 9oussasd Aq pajestpu se ‘Ananoe sanesajijoid Joj) 2ANISOJ
:s3uny

"A12A103dsal ‘Apnis ¥02M-€01 SU3 JO PUS Y} 18 PUB UONEN[BAD WU YIuow-¢ | oY) Ie sishjeur
[ed0ISHIEIS 0] PIsN 319M 153} UOISSIISar o11SIS0] A pue 153) 10eX2 Jaystd ayL "([10°0 5 d] sjonuod
S[eWa O/ "SA SIRWRY (H 05/0S PUe AW 0S/¥€ [10°0 5 d] sjonuod spew gg/[ ‘sA safew qH
05/6 PUE A 0S/T1 :SY29M €0 S[ONU0d 3[eway 01/0 s [10°0 > d] sapeway aH 01/01 ‘[S00

s d] saeway QN 01/9 “S|onuod ajewr O[/0 'sA sa[ewW OH O1/01 :syjuow g[) Apms H39oM-¢0T 1 Jo
PU2 23 32 safews) pue safewl (JH pue (JJA Ul PUe UOHEN[BAD WIS IPUOW-G 3y} Je S3ewd) (I
PUe (A Ul pue safews (GH ul paseasoul Apuedijiusis sem eisejdiadAy renpue)3 jo souapious sy

(Kuo
QH pue QI ‘eisejdiadAy rejnpue;3 jo souasaid Aq pajeatpui se ‘Ananoe sanesajijord 10J) 2ANISOJ
J8SOINJA [BSBN

ﬁuwoo._u._o._u%

i

JJOSIUBOLIN-0 10] JUdWNIOQ punoidyoeg 9661 suadourdae) uo yiodoy JIN

(9661) 101p ut wdd amd 966 < (suoe
‘& 10 urmag “901ul [ uo pautioysad a1om suoneujwexa sifojopedolsty ajajdwo) 0009 1o ‘alosiueoniu | 191p [eseq) asop Jod 1€09d
£661) dLN | "ueneneas wisul yiuow-g| e unnp 1o pousd Juswiean ay JO pua a3y e 1313 pAJILy asom I M £01 ‘0007 ‘999 -0 409 ‘W09 409 ‘W09 Plo-Aep-of
"pauLioysad Jou sem SisA[eue [eonsnels (Sjonuod
01/0 sa [wdd 0091 01/01 Twdd 000z] 01/01 ‘Twdd 0091 01/6 [wdd 00z] 6/¢ Twdd 9]
01/0) sajew ut KydoiradAy 514001eday Jo 3ouapisup sy ul 3se2I0UI Juapusdap-350p B sem a1y |
(3r0qe pue 3sop wdd-g0z 1 ‘Ajuo
safew ‘AydoniadAy 914001eday Jo 2ouasasd oy £q parestpul se ‘Ananoe aaneiagjosd 105) sAnisod (soreway)
HIEYY g | sAep 66 | 191p ur wdd
0009 10 aind o466 < (ouope
"A[1ea PaIp Jey 201 [[e Uo pue ‘Sd1w (TH |{E UO ‘S|ONU0 [[8 Uo pauuojiad (sojewr) ‘000 ‘009 ‘3joSIuROIU 191p [eseq) asop Jaod 14€294d plo
(€661) dIN | o1om suoneururexs a1Zojoypedosty 913(dwo) -powad Juswyean 343 JO pua 33 J& PI|1y 1M DI sAep 6 ‘00Z ‘09 -0 401 ‘WOl 401 ‘Wot “YM-£ 03 -9
NN

2[0SIHBOIN-0 Aq PaINpU] UOKEIN[OI] [[9D *7-9 2qE].




LT

"AydonuadLy m4Asojeday

P2do[aA3p [OSIUBOIIU-0 JO SISOP JIMO] PAAIIOAL JeL} SIEd oY) JO auoN ([159) 10BXd BYsLi ‘1070

s d] sjonuod sjewsy (1/0 pue SONU0D S[eU (/) ‘SA ‘sajeway wdd-000‘g1 01/01 pue sojew wdd
-000°81 01/01) AydonuadAy a14>01eday padofaaap ajostueoniu-o wdd goos| PaAIR0RI JeYy) S)el ||V

(£juo asop
wdd-000°31 AydontadAy s34205eday jo asuasaid £q patestpui se ‘Ananoe aanesajijoid 10§) 3AnIsoq
LIAN]

*(3591 JoBX9 J19YySI]
‘10°0 > d 's]01u0d 3[ewWwd) O [/( PUB SJONUOI [EUW (/0 SA SIBWY O1/0] ‘SI[RW Q[/0]) JjosiueonIU
-0 widd (00§ 1 PaAI0a1 Jey) sjes w paseatouy Apueoyiugis sem eise|diadAy rejnsdeo Jo asuspiour oy

(Ajuo asop
wdd-000‘g1 ‘eiseidiadAy rejnsdes jo soussaid Aq paedipul se ‘A3Anoe aanerogijod 105) sanisog
‘udg

‘eise|diadAy soppeq Areunn padojoasp

JOSIUBOAIL-O JO SISOP JIMO] PIAL02I Jef) stel ay) Jo auoN “dnord wdd-pp9 sy) u ey dnoid
wdd-000‘g] 24} Wi 219A3s 210W puE S3fEW Ul Urey SI[BWSJ Ul 319A3S 10w A[[e1ous3 sem eisejdiadAy
3y, ([3s2 108x3 Jaysig ‘100 5 d] sjonuod ajeuIdy o1 /0 PUE SJORUOD 3[ew O] /) "SA ‘o[BI
wdd-000°81 01/01 pue ‘safeway wdd-0009 01/01 ‘saew wdd-00°g1 01/01 ‘saews wdd-0009 01/01)
eisejdiadAy soppejq Areuwn padojoasp sjosiueoniu-o wdd ‘g1 10 00O9 PAAIIOAI oY) S)EI 1\

(Ajuo sasop

wdd-000‘g1 pue -0009 ‘ersediadAy jo souasaid Aq pajeoiput se ‘Aianoe aanesdjijoid 10§) sAnisog (sopeway) | ra1p ur wdd
:13ppelg Arsun) skep 16 000°81
10 ‘0009 aind o466 < (suoje
"Ajrea paip 1eup s1el [e uo pue ‘sjes wdd-gpQ9 [fe uo ‘sjonuos [re uo paunoyrad (sojewr) ‘000T ‘ajosiueoniu 191p feseq) asop Jad yved pio
(£661) dIN aiom suopeuiwrexa sidojoypedolsyy a9jdwo) “polsad yusunean sys Jo pus A 18 P31y uIm sjeY sAep 06 ‘009 ‘00T -0 J01 ‘Wo1 401 ‘O -yM-9 0} -§
hererrem——— — m— . - S
: e o : . damsodxg - L “Aung uiog
(s)duatapy HUAMWOY/MNY : , Jo vopuang soq _ LAY

(panunuo)) sjosturospIN-0 Aq paonpuj uoneIIOI] [P “7-9 AqEL

3J0SIUBONIN-0 10] JudWNI0( punoidyoeg 966§ suadourdae)) uo podoy JILN




8¢

“(stonuod 7z/0 'sA sojeway [10°0 5 d]

QH v€/91 pue [50°0 5 d] QI 0Z/s ‘sjonuo |7/ ‘sa sopew [s0'0 5 dl aH ves61 pe (1070 5 d] aw
LUYT 's;ak T 'sjonuod 010 ‘s [50°0 5 d] sopew gy 9/€ Pue [10°0 = d] A 01/L :sywow 6 500
5 d] sjonuos 01/0 sa safew Qi 01/S :syuow 9) uonjeuIuLId) APnys oY) I8 S3[RW3) PuE SIRW (T pue
QN Ul pUE ‘UoLEN[EAS WLIS)UI ILOW-6 Y} 8 Sajew (Y PUe (I Ul ‘uonen|eAd WL Yuow-g ayy
18 Sajew OH ut pasearoul Apueoiyiudis sem winifayida [euonisuesy ays Jo ersejdiadAy souapious sy

(wniaids
[193 jeuonisuen jo eisejdiadAy jo 2oussaid £q paediput se ‘Kyanoe aaneajijoid Joj) aAnIsoq
:sfaupny

([10°0 > d] sjonuod §7/0 *sa sajew QN Lz/6 :S1eak 7 (100

> d] sjonuos 01/0 'sa safeway AW 6/6 “[10°0 5 d] sjonu0s g1/ “sA Sa[ew QN 01/6 syiuow 6 :[10°0
s d] sjonuoo 1/0 'sa sajeway QW 01/01 [10°0 5 d sjonuos 01/0 "SA safews QW 01/01 :stpuour
9:10°0 > d] sjonuoo g1/ "sa soreway QH 01/01 pue AN 01/3 T10°0 > d] sjonuoo g/ sa sofew
QH 01/6 :syuow ) uoneuruua) Apms ayp je S3jew (JIA U1 pue ‘SUOHENIRAD UILISJUL LJUOW-6 pue

-9 34 Je s3[eWd] puR SajRW (JIA UL ‘UOKEN[RAD WLl yruow-¢ iy Je sa[ewsj (JH pue (A Ul pue
Sofew (qH ut paseasour Apuesyiudis sem wnipoynds [euontsuen ays Jo eiseydiadAy Jo asuaprowm sy,

(110°0 5 d] sjonuod

02/0 "sA safewaj OH ¥€/0T Pue AW 0Z/11 [10°0 5 d] sjonuos 17/0 'SA soew QH $E/bT :sreak
21100 s d] sfonuos g/1 “sa safeway dH 9/¢ [10°0 5 d] sjonuoo g1/p "sa sajew {H 9/¢ syuow
6:[10°0 > d] sjonuoo g1/9 ‘sa sajewsy QH 01/01 *[10°0 > d] sjonuos g1/ "sa soew qy 01/6
stuow 9 :[10°0  d] sjonuod ¢/0 'sa sareway AH 01/9 (100 5 d] sponucd 6/0 "SA Safew QK 01/01
‘Styjuow €) uoneuruua) Apnis oyl Je safeway qH PUe (J pue sajew (JH Ul pue SUONEN{EAd [uOW

-6 Pue -9 -¢ 21 18 SajeWSY pue sojew (I Ul paseazout Apuesyiudis sem (uadejod njeww yim
$1581q01qY Jo s1aquinu pasesioul pue ‘safeydoisews pue sjiydonnau Ajjediound ‘sjjas Korewueyur
pa1oyeds 4q pazusioeseyo) erdoad eururey ot ul anssiy 9A1103uU00 Jo uoneIajijoid Jo aouspidul Y|

(wnrjayydo reuonisuen jo eisejdiadAy pue eudosd eujure|
JO anssi 2And2UL0d Jo uoneIRjIoid Jo 3oussaid Aq pareotpur se “ANAnoe 2anRIAN01d 10J) 3ANISO4
S19ppelg Atsun)

"UGHEN[EAD WIS YIUOW-G Y} 310J3q PaIp Sa[eua) pue Safew QH HV 1531 108X Jaysi g
oy 3uisn pauuiozad sem sisJeus Tednsnels sdnois jusunean jre uy Aqreardoasosdnu paururexs arom
SUOISI] §5013 pue ‘snian ‘12321 ‘1appe|q Areuyn ‘(spwApipida Sutpnjour) 52359 “usoyds AN ‘sAaupry

“901J1108S [RUIULId) 3Y) Je pue SuonEn[eAd WHNUL YY1y "SYIUOW S| pue °6 ‘9 ‘¢ Iaye suonen[eAs 121p u wdd and 9466 <
(9661) T2 10 uimy WHSUL Joj panpayos asom dnoidysies usy “(je10) ym ¥01) potiad juswgean Yoam-£Z 3y} JO pus 000°81 ‘ajosueoniu
(£661) dIN Joye syvom £/ ‘Apms ay1 Jo uoyeuIULIS) a4} |uN play a1am sjea ‘powsad Jusunean Yaam-LT oy Joyy MLz 10 0009 -0
; dansodxy
(8)uaazpey Jouonemq

(suope
191p [eseq)
409 ‘W09

mzo_uﬂﬂ_ﬂ>u
w3 ow
-S1 pue ‘g
‘9°gom e
pauIWexs
a1am 40}
pUe WOI

vved
pio-Aep-1¢

(panunuo)) ajosraronN-o £q pasnpuy uoneIdjIoI{ [[3) "Z-9 IqEL

SJ0SIUBOHIN-0 10j Judwnd0( punoidydeg 9661 suadourdie) uo Moday LN




6T

(9661) '& 12 umig
(€661) dIN
e I

An.vu..u..u/..u,.m&

(100 > d] sjonuoo 7z/0 *sa sofeway

QH pE/0€ ‘S[onuod [z/0 "sa sofew [10°0 > d) GH ve/ee pue [$0°0 5 ) AW Lz/s :sreak 7 (100

s dJ sjonuod 01/0 'sa sajews) gy 9/9 ‘[10°0 5 d] sjonuoo ¢1/0 "sA sapew qH 9/9 syuow 6 {[10°0

> d] sjonu0d 01/0 “sA safewsa) @H 01/01 10°0 5 d] sjonuod (/0 “sa safew 01/01 :syuow
9:(10°0 > d] sjonuod g1/0 "sA sa[eWwd} AH 01/6 PUe AW 01/9 “[10°0 5 d] SR 91/ *sA sajew QH
01/01 :sqiuow €) uoneurua) Apnis o) Je Sajewd) (QH pue sajew (JH pue (J Ul pue ‘suonenjeas
WiLsjul iuow-6 pue -9 a3 Je S3[eWIS) pue safew (Y i ‘UOHIENEAD WILINUI YIUOW-¢ ) J8 s3jeway
(H pue QW ut pue safew (JH Ut paseasoul Apuesyiusis sem uonewwe Ul Jejnsded Jo souapidul ay |

"(l10°0 > d] sjonuos gz/g s sopewsy

QH YE/£€ PUe AN 07/6 (10°0 > d] 510000 [7/0 "SA S3jews (IH pe/bE PUe QI LT/ST :S1e34 7 {1070
> d] s10nu0d /0 *sA safeway AW 01/6 ‘(500 > d] s[onU0S 6/ *sA sofew QI £/7 ‘stpuow 1 :[10°0 5
d] sjonuod 01/0 "sA safeway AH 9/9 pue G 01/8 ‘[10°0 5 d] sjonuos g0 'sa sajew OH 9/9 pue AW
01/8 :syowt 6 :[10°0 > d] sjoRU0d O1/0 'sA SAEWIY AH 01/01 PUE AW 01/01 [10°0 5 d] SjoRuod
01/0 "sA sapew (JH 01/01 PUe QW 01/ :syuow 9 $[10°0 5 d] s|01802 01/0 "sA Sa[EWAY QH 01/01
PUZ AW 01/01 [10°0 > d] 510802 01/0 “sA Safew GH 01/01 PUB AW 01/01 :SYIUOW £) (UOBEN[EAD
WLIdUL auoW-C T Y} [UN PIAIAINS Sjes (G} Ou) UONEN[BAD WL YIUOW-G | Y} Je SojewId)

Pue safew (qpq ul pue uopeuIMLS) ApN)s ay) Je pue SUONEN[EAS WLIAUI UOW-6 pue ‘-9 ‘~¢ 2y} Je
SafeLd) pue sajew QH pue QN ut paseandul Kpuedoyiudis sem Aydonuad4y rensdes jo souaprour ayr

(uonewureyui
pue AydonadAy reynsdes jo aouasard Aq PpaedIput se “AAnoe aaneIapjold 10j) sAnIS0g
‘udg

(100 5 d] sjonuod o1/ 'sa sapeway GH 01/01 “[10°0 5 d] sjonuod p1/9 'sa safew qH

01/01 ‘spuow 9 (100 > d] sjonuod O1/0 ‘sa safeway AH 01/01 (100 > d] sjonuod ¢1/g ‘sA sajews
GH 01/01 ‘syluow €) uoneunuus) Apnis ayy Je 10 (UOREN[BAS WIS WUOW-G | 3y} [UN PIATAINS
S1el H OU) UOHEN[BAD WLISIUI YILOW-6 SY) I8 10U NG ‘SUONEN[EAa W] YIUOW-9 pue -¢ Yy}

1e 53[eWY) pue saetlt (JH ul Paseasoul APuedLIuSIs sem AydoiusdAy reinqopinuao jo ouapdUL dY

(£uo suonenfeas wuam Yuow
-9 pue -¢ je ‘AydoxuadAy renqgojinuas yo souasaxd Aq pareoaipui se ‘Apanoe aAneIod Joy) aanisog

HIETN |

—

121p ui wdd amnd o466 < (suope

00081 ‘ajostueoniu | ja1p [eseq)

Am LT 10 0009 -0 409 ‘W09
omsodxy | fngowog | oo

jouonwing |- woq - | oy sjonuo)

suonen[eAd

wnauy ows
-Sipue‘s
‘9‘capie
pautwexo
aom 401
pue O

asop sad
409 ‘W09

(p.uod)
vred
pio-Aep-1¢

opads puv

- .Escm BE

(panunuo)) sjostuvoayiN-0 £4q pasnpuy UONRI[OL] 9D °Z-9 dIqEL

J0SIUBONIN-0 10J JudWNIOQ PunoIBNIRY 966] suaSourdae?) uo Hoday JILN



0g

9SOP PIW = (JIA ‘S3[eUI = J] ‘350p MO] = ('] ‘S0P Y31y = QY ‘se[ewdy = 4 suonerAdIqqy

(9661) '1& 12 utm]
(€661) dLN

w .@uo.rgo\.._&u& :

"UONIEN[BAD WLIAIUI YIUOW-G | oY

1e pasealour Apuesyyudis jou sem eisejdiadAy 16905 3o douapioul ay | *([3s3 uoissasdas onsiSo] “10°¢
> d] sfonuo2 gg/g ‘sa S3eWa) AH 05/8¢ *[1s91 uorssaiSas ousido 100 > d] sjonuos 0S/€ 'SA sajew
QH 0§/2¢ PUe ‘AN 05/ST "1 05/91) APmIS Y23m-£01 Y3 JO pud ay) 18 Saewdy QH ut pue safew
Pajgan-ajosiueaniu-o jo sdnos |[g ui paseasour Apuesyiugis sem eise[diadAy eooj yo 2ouspiour ay,

(sapewa) @Y ‘sorew
dH pue ‘AN ‘a1 ‘elseldadAy [eaoj Jo souasaxd £q Pajedipul se ‘A)1Anoe aneIaijoid 105) 2ANISO4
SYOBUIOISIIO0

"UCHIEN[EAS WHINUL YIUOW-G ] 3tf) J& PIUILIEXI S[ELIIUE Ul PISEaIoul

Apuesyugis jou sem ersejdiadAy Jo ddudptout 3y “([1sa) uoissasda1 onsidof ‘1970 s d] sjonuod os/v
'SA S3[RWOY (OH 0S/p1 S[oNU0D (/L “sa safew DreoyiuSts jou] QY 0s/p1 pue (359 uoissardas onsiSoj
‘100 > d] G 05/81) So[eWay H I pue safew A Ul APRIS Y39m-€0] oY1 JO pus 2 e paseasouy
Apueoyiusis sem eisejdiad4y Je[npou Jo adusprout syy (321 uoissasdal onsido] ‘190 s d ‘sjonuos
0$/6T 'SA 05/€¥) AJuo sajeway (qH ut Apys Yoom-gQ| o) Jo pud ) 18 paseanui Apueoyugis

SEM SO[NGO] JIAI] 3 Jo seare [epod oy ug s)oNp dj1q oY) Jo eisejdsadAy eaoj jo aouaprour sy

([£juo saeway qH pue saew ] eise[d1ad Ay Jejnpou pue [£juo
sajeway H] eisejdiadAy yonp afiq Jo aoussaid £q Pajeoipul se ‘A)1anoe saneIajijoid 10§) dANISOg
1A

‘pautexo

31oMm STUAIN pue “Joppejq Ateunn ‘saysa) ‘uso|ds ‘pueiS [enndaid ‘oA ‘skaupty ‘stpipids ‘puejs
[E10[ 3uf “STeI QA U (I'T UJ "UONEN[RAD WILISIUI LHUOWI-S | SY) I PAJIL| S}eI U0 pue ‘Ajrea paip jeip
SIBL{[e UO “Stel (H [B UO ‘S[0IU0D [[8 U0 PauLoyIad 1M SUONBUIEXD s1dojoredossiy aj1dwor)
“UCIER[EAS WL (HUOW-¢ | e Sutnp 1o poiad Juawnesn S JO pua oy 18 oy Pa|[1] 21om sjEY

121p ur wdd
000T 10
‘999 ‘TTT

aind 966 <
‘sjosiueoniu
-0

(ouoe
13Ip [eseq)
409 ‘W09

asop 1ad
409 ‘W09

pio-Aep-op

1 44%

(panunuo)) sjostueoniN-o £q pasnpuy uoyesayIOIg [19) “T-9 IGEL

S10SIUBOIN-0 10} JuswNd0( punoidyaeg 9661 suadourie) uo poday JIN



1€

Sdew = N *3s0p mo] = (1T ‘asop Y3y = QY ‘sojews) = 4 suoneiaaiqqy

"(pay1oads jou souedipiugis
[EJUSIIEIS PUB USAIS 10U S30USPIOUI) SJB1 P3JRan-duIpISIie
-0 3WOS U1 P3JO3IAP Sem Joex Areunn oy yo ersejdiadAy erayndg

Houa ], Arsunin (an) 1m 83-¢8 %66 < (cuore
(z861 “0y9VvI £q 191p u widd ‘opuojyoorpAy | 101p [eseq) asop 12d SRl pped
PaU0 18L61) ION "$33M LOT-901 18 P3[[1y 25om sjer SuiAtaing (@ I o1 000°01 J0 0005 suipisiue-o ds¢ ‘Nss 4SS ‘WSS PI0-)m-9

"M3IAI DY V] 9y) Ul payyidads

JOU SBM 20URDYIUFIS [BNSHEIS “(S[ONUOD ()6/) SA) So[ewa)
QH 0S/T1 Pue Q7T 16/1 Ul pue (SJORUOD 8/ 'sA) sajew qH
€5/1T PUe (T $S/¢ Ut p3103)ap sem eiserdiadAy 1appejq Areursn)

(Ajuo gH ‘miseidiad4y

J0 3ouasaud Aq paresipur se ‘Ananoe saneiyijoid 10J) 2AnISOg
Lppeg Atsupa) %66 < (suope 0w

(z861 “OUVI Aq wiputwdd | “spuopyolpAy | 1o1p jeseq) asop Jad '3£094
PaNo '8261) IDN "SY29M SOT I8 PAJIIY Alom dtw FulAlaIng 000§ 10 00ST sulpisiue-o 4S€ ‘WSS

ooﬂumu&um, / , HQ,EO@I.-_—Q

el R il e e e
IPHLIOYI0IPAH JWPISIUY-0 3)I[0qEISN JOSIUEOIIN-0 Aq PIINPU] UOHEINOIF 12D *E-9 F[qEL

d10SIUBOHIN=-0 10} JuaWINIO( punoadxoeg 9661 suadourdae) uo poday JIN



NTP Report on Carcinogens 1996 Background Document for o-Nitroanisole

7.0 REFERENCES

Ashby, J. 1985. Fundamental Structural Alerts to Potential Carcinogenicity or
Noncarcinogenicity. Environ. Mutagen. 7:919-921.

Bakale, G., and R.D. McCreary. 1992. Prospective k, Screening of Potential Carcinogens Tested
in Rodent Bioassays by the US National Toxicology Program. Mutagenesis 7(2):91-94.

Benigni, R. 1991. QSAR Prediction of Rodent Carcinogenicity for a Set of Chemicals Currently
Bioassayed by the US National Toxicology Program. Mutagenesis 6(5):423-425.

Budavari, S. (Ed.). 1996. Monograph 6682. o-Nitroanisole. The Merck Index, Twelfth Edition.
Merck Research Laboratories, Whitehouse Station, NJ.

Chem Sources. 1996. U.S. suppliers selected from STN International online database files
CSCHEM and CSCORP, which are equivalent to the printed directories CHEM SOURCES-USA
and CHEM SOURCES-INTERNATIONAL. Directories Publishing Company, Inc.

Dellarco, V.L., and M.J. Prival. 1989. Mutagenicity of Nitro Compounds in Salmonella
typhimurium in the Presence of Flavin Mononucleotide in a Preincubation Assay. Environ. Mol.
Mutagen. 13:116-127.

Haworth, S., T. Lawlor, K. Mortelmans, W. Speck, and E. Zeiger. 1983. Salmonella
Mutagenicity Test Results for 250 Chemicals. Environ. Mutagen. 5(Suppl. 1):3-142.

Hengstler, J.G., J. Fuchs, U. Bolm-Audorff, S. Meyer, and F. Oesch. 1995. Single-Strand Breaks
in Deoxyribonucleic Acid in Fire Fighters Accidentally Exposed to o-Nitroanisole and Other
Chemicals. Scand. J. Work Environ. Health (1):36-42.

HSDB (Hazardous Substances Data Bank). 1993. Online database available from the National
Library of Medicine’s TOXNET system.

IARC (International Agency for Research on Cancer). 1982. ortho- and para-Anisidine and
Their Hydrochlorides. IARC Monogr. Eval. Carcinog. Risk Chem. Hum. 27(Some Aromatic
Amines, Anthraquinones and Nitroso Compounds, and Inorganic Fluorides Used in Drinking-
Water and Dental Preparations):63-80.

IARC (International Agency for Research on Cancer). 1996. 2-Nitroanisole. IARC Monogr.
Eval. Carcinog. Risks Hum. 65(Printing Processes and Printing Inks, Carbon Black and Some
Nitro Compounds):369-380.

Irwin, R.D., R. Chhabra, S. Eustis, A. Pinter, and J.D. Prejean. 1996. Tumors of the Bladder,

Kidney, and Intestine of F344 Rats and Liver of B6C3F, Mice Administered o-Nitroanisole in
Feed. Fund. Appl. Toxicol. 20:1-12.

32



NTP Report on Carcinogens 1996 Background Document for o-Nitroanisole

Miller, M.J., L.G. Stipes, D.F. Perry, and D.E. Carter. 1985. Pharmacokinetics of o-Nitroanisole
in Fischer 344 Rats. Drug Metab. Dispos. 13(5):527-531.

NIOSH (National Institute for Occupational Safety and Health). 1976. National Occupational
Hazard Survey (1972-74). Cincinnati, OH: Department of Health, Education, and Welfare.

NIOSH (National Institute for Occupational Safety and Health). 1984. National Occupational
Exposure Survey (1980-83). Cincinnati, OH: Department of Health and Human Services.

NCI (National Cancer Institute). 1978. Bioassay of o-Anisidine Hydrochloride for Possible
Carcinogenicity. NCI Tech. Rep. Ser. 89. Cited by IARC, 1982.

NTP (National Toxicology Program). 1993. Technical Report on the Toxicology and
Carcinogenesis Studies of o-Nitroanisole (CAS No. 91-23-6) in F344 Rats and B6C3F, Mice
(Feed Studies). Tech. Rep. Ser., No. 416. National Toxicology Program, Research Triangle Park,
NC. 473 pp.

Omenn, G.S,, S. Stuebbe, and L.B. Lave. 1995. Predictions of Rodent Carcinogenicity Testing
Results: Interpretation in Light of the Lave-Omenn Value-of-Information Model. Mol. Carcinog.
14:37-45.

Shimizu, M., and E. Yano. 1986. Mutagenicity of Mono-Nitrobenzene Derivatives in the Ames
Test and rec Assay. Mutat. Res. 170:11-22.

Tennant, R.W., J. Spalding, S. Stasiewicz, and J. Ashby. 1990. Prediction of the Outcome of
Rodent Carcinogenicity Bioassays Currently Being Conducted on 44 Chemicals by the National
Toxicology Program. Mutagenesis 5(1):3-14.

Tokiwa, H., R. Nakagawa, and Y. Ohnishi. 1981. Mutagenic Assay of Aromatic Nitro
Compounds with Salmonella typhimurium. Mutat. Res. 91:321-325.

TSCAPP (Toxic Substances Control Act Plant and Producers). 1983. Database available on the
Chemical Information System, Version 5.0/2.0, September.

33



APPENDIX A

DESCRIPTION OF ONLINE SEARCHES FOR o-NITROANISOLE



NTP Report on Carcinogens 1996 Background Document for o-Nitroanisole

DESCRIPTION OF ONLINE SEARCHES FOR 0-NITROANISOLE
(IARC Monograph in Vol. 65, 1996)

Online searching was done by the technical support contractor in TOXLINE in March
1996, using the CASRN (retrieved 58 records) and the name nitroanisole. IARC (1996) and
NTP (1993) were to be relied on for identification of pertinent earlier references; however, at the
time of the search, only a rough draft of the IARC monograph was available. The emphasis of
the search was to supplement the few studies cited that were published in the 1990s. From the
resulting records, after exclusion of p-nitroanisole records, the contractor selected approximately
30 for acquisition.

An exhaustive search of other pertinent toxicology databases was not attempted for the
nitroarenes. A high degree of redundancy had been noted between TOXLINE and the databases
CANCERLIT, EMBASE (Excerpta Medica), MEDLINE, and NIOSHTIC (Occupational Safety
and Health). No special attempt was made to find toxicity information about metabolites and
other structural analogues in the search strategy.

The contractor also searched CSCHEM and CSCORP for U.S. suppliers (Chem Sources
databases); EMIC; EMICBACK; HSDB; IRIS; TSCATS (Toxic Substances Control Act Test
Submissions); the Chemical Information System's databases SANSS (the Structure and
Nomenclature Search System), ISHOW (for physical-chemical properties), and REGMAT (May
1993 version; this regulatory information database with broad coverage of EPA regulations is no
longer available); Chemical Abstracts Service's (CAS) CA and Registry Files for metabolism
studies (152 records) and metabolite identification; CAS File CHEMLIST for TSCA and SARA
updates in 1996; and CA File sections 59 (Air Pollution and Industrial Hygiene), 60 (Waste
Disposal and Treatment), and 61 (Water) for environmental exposure information. For current
awareness, the contractor monitored Current Contents on Diskette” Life Sciences 1200 [journals]
edition. Older literature that needed to be examined was identified from the reviews and original
articles as they were acquired.
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Test
Code
ACC
AlA
AIH
ANF
ANG

ANR
ASM
AVA
AVH
BFA
BFH
BHD
BHP
BID
BIP
BPF
BPR
BRD
BSD
BSM
BVD
BVP
CBA
CBH
CCC
CGC
CGG
CHF
CHL
CHT
CIA
CIC
CIH
CIM
CIR
CIS
CIT
CLA
CLH

LISTING OF GAP TEST CODES IN ALPHABETICAL ORDER

Definition

Allium cepa, chromosomal aberrations

Aneuploidy, animal cells in vitro

Aneuploidy, human cells in vitro

Aspergillus nidulans, forward mutation

Aspergillus nidulans, genetic crossing-over

Aspergillus nidulans, aneuploidy

Aspergillus nidulans, reverse mutation

Arabidopsis species, mutation

Aneuploidy, animal cells in vivo

Aneuploidy, human cells in vivo

Body fluids from animals, microbial mutagenicity

Body fluids from humans, microbial mutagenicity

Binding (covalent) to DNA, human cells in vivo

Binding (covalent) to RNA or protein, human cells in vivo
Binding (covalent) to DNA in vitro

Binding (covalent) to RNA or protein in vitro
Bacteriophage, forward mutation

Bacteriophage, reverse mutation

Other DNA repair-deficient bacteria, differential toxicity
Bacillus subtilis rec strains, differential toxicity

Bacillus subtilis multi-gene test

Binding (covalent) to DNA, animal cells in vivo

Binding (covalent) to RNA or protein, animal cells in vivo
Chromosomal aberrations, animal bone-marrow cells in vivo
Chromosomal aberrations, human bone-marrow cells in vivo
Chromosomal aberrations, spermatocytes treated in vivo and cytes obs.
Chromosomal aberrations, spermatogonia treated in vivo and cytes obs.
Chromosomal aberrations, spermatogonia treated in vivo and gonia obs.
Chromosomal aberrations, human fibroblasts in vitro
Chromosomal aberrations, human lymphocyte in vitro
Chromosomal aberrations, transformed human cells in vitro
Chromosomal aberrations, other animal cells in vitro
Chromosomal aberrations, Chinese hamster cells in vitro
Chromosomal aberrations, other human cells in vitro
Chromosomal aberrations, mouse cells in vitro
Chromosomal aberrations, rat cells in vitro

Chromosomal aberrations, Syrian hamster cells in vitro
Chromosomal aberrations, transformed animal cells in vitro
Chromosomal aberrations, animal leukocytes in vivo
Chromosomal aberrations, human lymphocytes in vivo
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Test

Code Definition

COE Chromosomal aberrations, oocytes or embryos treated in vivo
CVA Chromosomal aberrations, other animal cells in vivo

CVH Chromosomal aberrations, other human cells in vivo

DIA DNA strand breaks, cross-links or rel. damage, animal cells in vitro
DIH DNA strand breaks, cross-links or rel. damage, human cells in vitro

DLM Dominant lethal test, mice

DLR Dominant lethal test, rats

DMC Drosophila melanogaster, chromosomal aberrations

DMG Drosophila melanogaster, genetic crossing-over or recombination
DMH Drosophila melanogaster, heritable translocation test

DML Drosophila melanogaster, dominant lethal test

DMM  Drosophila melanogaster, somatic mutation (and recombination)
DMN Drosophila melanogaster, aneuploidy

DMX Drosophila melanogaster, sex-linked recessive lethal mutation
DVA DNA strand breaks, cross-links or rel. damage, animal cells in vivo
DVH DNA strand breaks, cross-links or rel. damage, human cells in vivo
ECB Escherichia coli (or E. coli DNA), strand breaks, cross-links or repair
ECD Escherichia coli pol A/W3110-P3478, diff, toxicity (spot test)

ECF Escherichia coli (excluding strain K12), forward mutation

ECK Escherichia coli K12, forward or reverse mutation

ECL Escherichia coli pol A/W3110-P3478, diff, toxicity (liquid susp. test)
ECR Escherichia coli, miscellaneous strains, reverse mutation

ECW Escherichia coli WP2 uvrA, reverse mutation

EC2 Escherichia coli WP2, reverse mutation

ERD Escherichia coli rec strains, differential toxicity

FSC Fish, chromosomal aberrations

FSI Fish, micronuclei

FSM Fish, mutation

FSS Fish, sister chromatid exchange

FSU Fish, unscheduled DNA synthesis

GCL Gene mutation, Chinese hamster lung cells exclusive of V79 in vitro
GCO Gene mutation, Chinese hamster ovary cells in vitro

GHT Gene mutation, transformed human cells in vivo

GIA Gene mutation, other animal cells in vitro

GIH Gene mutation, human cells in vitro

GML Gene mutation, mouse lymphoma cells exclusive of L5178Y in vitro
GVA Gene mutation, animal cells in vivo
GST Gene mutation, mouse lymphoma L5178Y cells in vitro, TK locus

GS1 Gene mutation, mouse lymphoma L5178Y cells in vitro, all other loci

G9H Gene mutation, Chinese hamster lung V-79 cells in vitro, HPRT locus

G990 Gene mutation, Chinese hamster lung V-79 cells in vitro, ouabain resistance
HIM Haemophilus influenzae, mutation

HMA  Host mediated assay, animal cells in animal hosts
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Test

Code Definition

HMH Host mediated assay, human cells in animal hosts
HMM  Host mediated assay, microbial cells in animal hosts

HSC Hordeum species, chromosomal aberrations

HSM Hordeum species, mutation

ICH Inhibition of intercellular communication, human cells in vitro
ICR Inhibition of intercellular communication, rodent cells in vitro
KPF Klebsiella pneumonia, forward mutation

MAF Micrococcus aureus, forward mutation
MHT Mouse heritable translocation test

MIA Micronucleus test, animal cells in vitro
MIH Micronucleus test, human cells in vitro
MST Mouse spot test

MVA Micronucleus test, other animals in vivo
MVC Micronucleus test, hamsters in vivo
MVH Micronucleus test, human cells in vivo
MVM Micronucleus test, mice in vivo

MVR Micronucleus test, rats in vivo

NCF Neurospora crassa, forward mutation
NCN Neurospora crassa, aneuploidy

NCR Neurospora crassa, reverse mutation

PLC Plants (other), chromosomal aberrations
PLI Plants (other), micronuclei

PLM Plants (other), mutation

PLS Plants (other), sister chromatid exchanges

PLU Plants, unscheduled DNA synthesis
PRB Prophage, induction, SOS repair, DNA strand breaks, or cross-links

PSC Paramecium species, chromosomal aberrations
PSM Paramecium species, mutation

RIA DNA repair exclusive of UDS, animal cells in vitro
RIH DNA repair exclusive of UDS, human cells in vitro

RVA DNA repair exclusive of UDS, animal cells in vivo
SAD Salmonella typhimurium, DNA repair-deficient strains, differential toxicity

SAF Salmonella typhimurium, forward mutation

SAL Salmonella typhimurium, all strains, reverse mutation

SAS Salmonella typhimurium (other misc. strains), reverse mutation
SAOQ Salmonella typhimurium TA100, reverse mutation

SA1 Salmonella typhimurium TA97, reverse mutation

SA2 Salmonella typhimurium TA102, reverse mutation

SA3 Salmonella typhimurium TA1530, reverse mutation

SA4 Salmonella typhimurium TA 104, reverse mutation

SAS5 Salmonella typhimurium TA1535, reverse mutation
SA7 Salmonella typhimurium TA1537, reverse mutation
SA8 Salmonella typhimurium TA1538, reverse mutation
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Test

Code Definition

SA9 Salmonella typhimurium TA98, reverse mutation

SCF Saccharomyces cerevisiae, forward mutation

SCG Saccharomyces cerevisiae, gene conversion

SCH Saccharomyces cerevisiae, homozygosis by recombination or gene conversion
SCN Saccharomyces cerevisiae, aneuploidy

SCR Saccharomyces cerevisiae, reverse mutation

SGR Streptomyces griseoflavus, reverse mutation

SHF Sister chromatid exchange, human fibroblasts in vitro
SHL Sister chromatid exchange, human lymphocytes in vitro
SHT Sister chromatid exchange, transformed human cells in vitro
SIA Sister chromatid exchange, other animal cells in vitro
SIC Sister chromatid exchange, Chinese hamster cells in vitro
SIH Sister chromatid exchange, other human cells in vitro
SIM Sister chromatid exchange, mouse cells in vitro

SIR Sister chromatid exchange, rat cells in vitro

SIS Sister chromatid exchange, Syrian hamster cells in vitro
SIT Sister chromatid exchange, transformed cells in vitro
SLH Sister chromatid exchange, human lymphocytes in vivo
SLO Mouse specific locus test, other stages

SLP Mouse specific locus test, postspermatogonia

SPF Sperm morphology, F1 mouse
SPH Sperm morphology, human
SPM Sperm morphology, mouse
SPR Sperm morphology, rat

SPS Sperm morphology, sheep

SSB Saccharomyces species, DNA breaks, cross-links or related damage
SSD Saccharomyces cerevisiae, DNA repair-deficient strains, diff. toxicity
STF Streptomyces coelicolor, forward mutation

STR Streptomyces coelicolor, reverse mutation

SVA Sister chromatid exchange, animal cells in vivo

SVH Sister chromatid exchange, other human cells in vivo

SZD Schizosaccharomyces pombe, DNA repair-deficient strains, diff. toxicity
SZF Schizosaccharomyces pombe, forward mutation

SZG Schizosaccharomyces pombe, gene conversion

SZR Schizosaccharomyces pombe, reverse mutation

T7R Cell transformation, SA7/rat cells

T78 Cell transformation, SA7/Syrian hamster embryo cells

TBM Cell transformation, BALB/C3T3 mouse cells

TCL Cell transformation, other established cell lines

TCM Cell transformation, C3H10T1/2 mouse cells

TCS Cell transformation, Syrian hamster embryo cells, clonal assay

TEV Cell transformation, other viral enhancement systems

TFS Cell transformation, Syrian hamster embryo cells, focus assay
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Test
Code
TIH
TPM
TRR
TSC
TSI
TSM
TVI
UBH
UHF
UHL
UHT
UIA
UIH
UPR
URP
UVA
UvC
UVH
UVM
UVR
VFC
VFS

Definition

Cell transformation, human cells in vitro

Cell transformation, mouse prostate cells

Cell transformation, RLV/Fischer rat embryo cells
Tradescantia species, chromosomal aberrations

Tradescantia species, micronuclei

Tradescantia species, mutation

Cell transformation, treated in vivo, scored in vitro
Unscheduled DNA synthesis, human bone-marrow cells in vivo
Unscheduled DNA synthesis, human fibroblasts in vitro
Unscheduled DNA synthesis, human lymphocytes in vitro
Unscheduled DNA synthesis, transformed human cells in vitro
Unscheduled DNA synthesis, other animal cells in vitro
Unscheduled DNA synthesis, other human cells in vitro
Unscheduled DNA synthesis, rat hepatocytes in vivo
Unscheduled DNA synthesis, rat primary hepatocytes
Unscheduled DNA synthesis, other animal cells in vivo
Unscheduled DNA synthesis, hamster cells in vivo
Unscheduled DNA synthesis, other human cells in vivo
Unscheduled DNA synthesis, mouse cells in vivo
Unscheduled DNA synthesis, rat cells (other than hepatocytes) in vivo
Vicia faba, chromosomal aberrations

Vicia faba, sister chromatid exchange
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REGULATIONS TABLE FOR 0-NITROANISOLE

REGULATIONS®

Regulatory Action

Effect of Regulation/Other Comments

> vt

40 CFR 60—PART 60—STANDARDS
OF PERFORMANCE FOR NEW
STATIONARY SOURCES.
Promulgated: 36 FR 24877, 12/31/71.

40 CFR 60.489—Sec. 60.489 List of
chemicals produced by affected facilities.

40 CFR 63—PART 63—NATIONAL
EMISSION STANDARDS FOR
HAZARDOUS AIR POLLUTANTS
FOR SOURCE CATEGORIES.
Promulgated: 57 FR 61992, 12/29/92.
U.S. Code: 7401 et seq.

30 CFR 63.100 ff.—Subpart F—National
Emission Standard for Organic
Hazardous Air Pollutant From the
Syntheitc Organic Chemical

Manufacturing Industry. Promulgated:
59 FR 19454, 04/22/94.

The provisions of this part apply to the
owner/operator of any stationary source
which contains an affected facility (a
stationary source with an apparatus to which
a standard is applicable).

Standards that regulate specific categories of
stationary sources that emit (or have the
potential to emit) one or more hazardous air
pollutants are listed in this part pursuant to
section 112(b) of the CAA.

Owners and operators of sources subject to
this subpart shall comply with the
requirements of subparts G and H of this
part. This subpart applies to chemical
manufacturing process units that
manufacture one or more of the chemical
listed in Table 1 and Table 2 of this subpart
and are located at a plant site that is a major
source as defined in section 112(a) of CAA.

* The regulations in this table have been updated through the 1996 Code of Federal Regulations: 40 CFR, July 1,
1996; 21 CFR, July 1, 1996; 29 CFR, July 1, 1996.
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